Generation of normal lymphocyte populations by Rb-deficient embryonic stem cells.
Mice homozygous for a loss-of-function mutation of the recombination-activating gene-2 (RAG 2), which is required for the rearrangement of antigen receptor genes, do not produce mature B and T lymphocytes. But chimeric mice that result from injection of normal embryonic stem (ES) cells into blastocysts from RAG2-deficient mice develop normal mature lymphocyte populations, all of which are derived from the injected ES cells; we have called this process RAG2-deficient blastocyst complementation. Using ES cells with homozygous mutations, RAG-2-deficient blastocyst complementation could provide a physiological assay with which to determine the potential role of almost any gene in the development and/or function of lymphocytes. To test the general utility of this system, we have used it to test the differentiation-potential of ES cells that harbor homozygous loss-of function mutations of their retinoblastoma susceptibility (Rb) gene loci. We chose Rb for this analysis because of its widespread function in the control of the cell cycle and cell differentiation, the adverse effect of homozygous germline mutations of Rb on hematopoiesis in fetal liver, and the embryonic lethality that results when the homozygous Rb mutation is introduced into the germline. Homozygous Rb mutant ES cells can develop into phenotypically normal, mature B and T lymphocytes in the RAG-2-deficient background. Strikingly, Rb-deficient B and T cells do not have major defects in either activation or function. We have demonstrated the efficacy of the RAG-2-deficient blastocyst complementation system for evaluating the role of critical genes in lymphocyte development. Our results indicate that Rb expression is not intrinsically required for B-cell or T-cell function, despite the normally high levels of Rb expressed in lymphoid cells.